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ABSTRACT 
 
 
 
The mechanism of chloroplast motility in response to light is not yet completely 
understood. We are testing the hypothesis that the motor proteins kinesin-4IIs and kinesin-
7Is transport chloroplasts on microtubules in Physcomitrella patens (P.patens) cells. We are 
using RNA interference (RNAi) to test their function based on knockdown expression. 
RNAi constructs were designed and are being assembled to target both kinesin sub-families. 
Initial results show that Kinesin-7Is RNAi gives a chloroplast dispersion phenotype 
indicating that it might be involved in chloroplast motility. The effects of Kinesin-4IIs 
knockdown are still under investigation. 
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INTRODUCTION 
 
 
Kinesins 
 
Kinesin motors are enzymes that convert the chemical energy of ATP hydrolysis into 
mechanical work along microtubule tracks. Research is in progress to discover how the 
kinesin motor domain has been adapted over evolution to provide specific chemo 
mechanical functions. The different kinesins in the kinesin superfamily contain a kinesin 
motor domain attached to family specific sequences for cargo binding, regulation, and 
oligomerization (Verhey et al., 2011). The transport of organelles within the cell is in lieu of 
the way kinesins assemble and their movement. These motor proteins drive long-distance 
transport in eukaryotic cells by moving along microtubule tracks (Figure 1). Microtubules 
are cylindrical cytoskeletal filaments formed by the polymerization of heterodimeric α- and 
β-tubulin subunits (Verhey et al., 2011). The two ends of kinesins have structural and 
functional polarity. Microtubules and their associated proteins carry out a variety of 
important functions in cells, from structural support to cell division and intracellular and 
extracellular movements. Biochemical signals within the cell help guide kinesins with cargo 
transport and cell segregation with the help of microtubules (Verhey et al., 2011). 
 
Kinesins are motor proteins found in different organisms from fungi to animals. 
They have been known to function in the transport of organelles. Plants require novel 
kinesins to substitute the functions by dynein in animals. Other than having the main 
function as plant motors, kinesins are emerging as important regulatory components of 
many cell developmental processes like gibberellin synthesis. Plant mitotic Kinesins 5 and 
14 are similar in fungi and animals. Budding yeast has the least number of kinesin genes, 
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only 6 (Verhey et al., 2011), while plants have the most, like 71 kinesins in Physcomitrella 
patens (Shen et al., 2012).  
 
Figure 1: Kinesin structure and function (UIC, 2010) 
 
 
 
Kinesin-1s were formerly the only known kinesins and were called KIF5. Most of 
the understanding of the functions and mechanisms of the other kinesins of the superfamily 
comes from KIF5. Their movement is progressive along the microtubule in 8-nm steps 
towards its plus end, which is the distance between two β-tubulin subunits. It can also move 
towards the minus end. It generates speeds of 0.6–0.8 µm s−1. During this movement, it is 
important that motor-microtubule interaction be maintained. Hence, the two motor domains 
alternate their catalytic cycles, moving in a hand-over-hand stepping mechanism. Various 
studies and analysis of proteins in different organisms from fungi to animals have led to the 
discovery of a superfamily with a common a kinesin motor domain (∼350 amino acids, with 
∼40% amino acid identity) (Verhey et al., 2011).  
Based on the similarity between motor domains, these proteins have been placed in 
14 families (kinesin-1 to kinesin-14). Surprisingly, the catalytic motor domain has evolved 
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over time for functions other than movement to microtubule plus ends that used to be the 
only known function (Verhey et al., 2011). For example, kinesin-14 motors undergo 
directional motility to the minus ends of microtubules. And in kinesin-8 and kinesin-13 
motors, catalytic activity results in destabilization or depolymerization of microtubules 
(Verhey et al., 2011). The sequences for cargo binding, oligomerization, and regulation are 
different in different kinesins. The structure and properties of the kinesin motor domain 
have been studied in depth, yet little is known about how they work in the complex cellular 
environment. Future work is likely to continue to yield important functions of kinesin 
motors (Verhey et al., 2011). 
 
Methods to Study Chloroplast Motility 
 
The focus of this project is to identify which kinesins drive chloroplast motility in 
plants cells; hence, it is important to understand how chloroplast motility is studied.  
Different methods of studying chloroplast movement include fixed cell sectioning, band 
assay, microbeam assay, time-lapse photographic analysis, confocal microscopy and Total 
internal reflection fluorescence (TIRF) microscopy. TIRF is based on the total internal 
reflection phenomenon where light passing from a high-refractive medium like glass enters 
a low-refractive medium like a cell produces high-contrast fluorescence images (Trache and 
Meininger, 2008). Blue light has been noted in Arabidopsis, fern and moss to be the 
effective wavelength for chloroplast movement. Signal transduction pathways include blue 
light receptors phototropin 1 and 2, protein factors and changes in actin structure that induce 
the accumulation and avoidance responses (Figure 2). Chloroplasts move depending on the 
amount of light shining on the leaf. This is an important process for the leaves in order to 
photosynthesize efficiently. What was also interesting was that moss is responsive to red 
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light along with blue light. This property can be used to study the responses with respect to 
red and blue light. Chloroplast movement is best observed under infrared light, under certain 
conditions, even red light can influence movement. The visualization of chloroplast 
displacements is done best with a time-lapse photographic analysis (Wada et al., 2013). 
 
 
 
 
 
 
 
 
 
Figure 2: Chloroplast accumulation and avoidance response induced by different blue 
light intensity in Physocmitrella patens as seen by confocal microscopy 
Panels A and C show regular chloroplast positioning before light stimulation, panel B shows 
accumulation response of chloroplasts in response to high blue light and panel D shows 
avoidance response to chloroplasts when a low blue light is shone in the center indicated by 
the circles (Shen, 2014) 
 
 
 
B. 
A. 
C. 
D. 
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Cytoskeletal Mechanisms of Chloroplast Motility 
 
 Chloroplast motility within cells in governed by different cytoskeletal structures 
such as microtubules, microfilaments and actin. Chloroplast photorelocation movement of 
Physcomitrella patens involves utilization of both microtubules and microfilaments as 
tracks for motility (Sato et al., 2001). Two different types of photoreceptors regulate them 
separately. Phytochrome and blue-light receptors operate in moss to initiate chloroplast 
movement (Sato et al., 2001). Phytochrome was utilized solely by the microtubules and not 
the microfilaments. Light induced movement, which includes phytochrome and blue-light 
responses, in chloroplasts mediates the chloroplast avoidance and accumulation responses. 
Microtubules act as tracks for photo relocation of chloroplasts in the dark (Sato et al., 2001). 
This property of chloroplast movement on microtubules is significant for our research since 
it indicates the possibility that kinesins might be involved in chloroplast motility since they 
use microtubules as a track for cargo movement within cells.   
 In addition to the participation of light and phototropins, other factors such as the 
chloroplast unusual positioning 1 (CHUP1) and the kinesin-like protein for actin-based 
chloroplast movement (KAC) proteins have also been implicated in actin dependent 
chloroplast motility (Suetsugu et al., 2010). CHUP1 protein is believed to function in 
linking chloroplast and actin filaments. In CHUP 1 mutant plants, the chloroplasts show 
defects in movement and attachment to the plasma membrane (Suetsugu at al., 2010). 
Coordination between CHUP1 and KAC proteins helps chloroplast anchorage to the plasma 
membrane and effective photorelocation via chloroplast-actin (cp-actin) filaments (Suetsugu 
et al., 2012). Different environmental light conditions regulate the phototropins and thus, its 
intracellular interactions and localization is key (Kong et al., 2013). 
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Kinesin-4 and Kinesin-7 Might be Involved in Chloroplast Motility 
 
Kinesin-4 (AtFRA1) functions in controlling the cellulose microfibril order. It 
localizes in the cytoplasm whereas KIF4 of animals cells localized in the nucleus indicating 
a possible different function between organisms (Li et al., 2012). A mutation in the FRA-1 
gene, encoding a Kinesin-4, induced disorganization in the structure of cellulose by 
modifying its microfibril orientation and making the cell wall fragile. FRA-1 could transport 
cargoes in the cortex of plant cells (Cai and Cresti., 2012).  It moves along microtubules and 
retains ATPase activity thus being a genuine kinesin (Cai and Cresti, 2012). Kinesin-4 
(PsBC12/GDD1) functions in the regulation of gibberellin synthesis (Li et al., 2012). Brittle 
Culm 12 (BC12) encodes for a kinesin-4 protein. BC12 mutants show alteration in the 
orientation of cellulose microfibrils in rice (Li et al., 2011). It is associated with cell cycle 
progression and cellulose deposition thus suggesting microtubule-associated proteins as a 
link between the two. The identification of kinesin receptors such as kinectin will determine 
the specificity of kinesins with respect to their cargoes. Members of this family also 
function in multiple steps of cell division but differ from animal kinesins (Li et al., 2012). In 
animals, Kinesin-4 is known as Chromokinesin/KIF4 (Li et al., 2012).   
 
In animals, Kinesin-7 is known as CENP-E. Kinesin-7 (AtNACK1 and OsNACK1) 
functions in cytokinesis and the completion of cell-plate formation. Kinesin-7 (AtNACK2) 
functions in tetrad formation during male gametogenesis. Mutation of OsNACK 1 causes 
severe dwarfism in rice and displays cell wall bumps in rapidly multiplying cells indicating 
defects in cytokinesis. (Li et al. 2012). Some members may function in the regulation of 
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phragmoplast assembly and interaction between chromosomes and microtubules. (Cai and 
Cresti., 2012) 
 
 
RNAi in Physcomitrella by Using Gateway Cloning Technology and a Reporter Gene 
 
 
RNAi refers to the introduction of homologous double stranded RNA (dsRNA) to 
specifically target a gene's product, resulting in null phenotypes thus aiding loss of function 
analysis (Montgomery, 2014). Using RNAi with the Gateway Cloning Technology is a rapid 
method with which we can study functions of plant genes in the moss Physcomitrella 
patens. Plants have a natural RNAi system that consists of siRNA, miRNA and DNA 
methylation leading to silencing of transcription. RNAi is highly specific due to the gene 
size and 21-26 bp targeting. As long as there is 90% similarity, the mRNA will be silenced. 
Physcomitrella patens is an excellent plant model system since it has a simple life cycle 
with a predominantly haploid gametophytic stage. The haploid cell type grows as filaments 
(protonema) or sheets (gametophores) of single cells (Bezanilla et al., 2005). 
 
NLS:GFP:GUS is used as the reporter gene since sequences targeting the GUS 
sequence are attached to the target gene in an RNAi construct. This reporter gene when 
expressed stably in a moss line can help screen for loss of function phenotypes of the target 
gene by simultaneous silencing the reporter (Bezanilla et al., 2005). This method is easy and 
efficient because phenotypes can be observed starting at 24 hours and can last up to 4 
weeks. This technology has been used successfully in recent years to investigate the 
function of several genes in Physcomitrella patens (Bezanilla et al., 2005). 
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Based on the research done on previous articles above, we believe Kinesin 4 and 
Kinesin 7 might be involved in chloroplast motility. Our hypothesis is that RNAi-based 
knockdown of Kinesin 4Is and Kinesin 7Ibs will cause a change in the phenotype of the 
P.patens plant cells with respect to chloroplast positioning indicating its role in chloroplast 
motility. We tested the results by attempting to make Kinesin4II and Kinesin7I RNAi 
constructs. We transformed a previously prepared Kinesin7Ib RNAi construct. Initial results 
indicate that there might be a chloroplast dispersion phenotype suggesting a role in 
chloroplast motility. Further analysis needs to be done to better understand this. 
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MATERIALS AND METHODS 
 
 
 
Gateway Cloning Technology 
The basis of this technology is that bacteriophage lambda site-specific att (attaching) sites 
aid the integration of lambda into the E.coli chromosome via intermolecular DNA 
recombination. This cloning technique involves two recombination reactions to obtain the 
RNAi product. After initial primer designing with attB sites, a PCR product is obtained 
containing flanking attB sites. A BP recombination reaction creates an entry clone by 
adjoining the attB-DNA fragment and the attP-containing donor vector (pDONR™ vector). 
An LR reaction generates an expression clone by adjoining an attL-containing entry clone 
(BP product) and the attR-containing destination vector (pUGGi vector in this case 
[Bezanilla et al., 2005]) (Life Technologies, 2014). For the RNAi assay in Physcomitrella 
patens, a unique destination vector has been designed using a reporter gene approach. An 
NLS-GFP-GUS site is fused to the target sequence. When the NLS-4 protoplasts are 
transformed with the RNAi contruct, the RNA folds to form double-stranded hairpin 
structure. Phenotypes where GFP is turned off are the mutants. Plants are imaged with a 
fluorescent microscope with a combination of filters to detect GFP and chlorophyll 
autoflourescence (Bezanilla et al., 2005). 
 
Designing RNAi Constructs with attB Sites 
The target genes were Kinesin 04IIa, Kinesin 04IIb, Kinesin 04IIc and Kinesin 07Ib. Using 
the cloning software VectorNTI, a sequence from Exon 1 of the gene sequences of these 
proteins was selected which contained the start ATG site. The attB sites and desired 
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restriction sites were added to these sequences. Kinesin 04IIa and Kinesin 04IIb had BamHI 
restriction sites while Kinesin04IIb and Kinesin 04IIc had SacI restriction sites (Figure 3).  
 
Figure 3: Pictorial representation of the PCR products with the restrictions sites but 
without the attB sites. 
 
The M13 sequencing primers had the M13 forward sequence 5´-
GTAAAACGACGGCCAG-3´ and the M13 reverse sequence 5´-
CAGGAAACAGCTATGAC-3´. The final primer design for each of the kinesins is shown 
below. 
 
Kinesin04IIa Forward Primer: 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAATGACTGCGTCACTGTCGCCCTC
ACATCA  
Reverse primer: 
GGGGACCACTTTGTACAAGAAAGCTGGGTAGGATCCCCAGCGCAGCAGCTTTCG
ACC.  
 
Kinesin 04IIb Forward Primer: 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGGATCCATGACGGTGCCACTGT
CGCCC  
 Reverse primer: 
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GGGGACCACTTTGTACAAGAAAGCTGGGTAGAGCTCCCAGCGCAGCAACTTTCA
ACA.  
 
Kinesin 04IIc Forward Primer:  
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGAGCTCATGACGGTGCCACTGT
CGCCC  
 Reverse Primer: 
GGGGACCACTTTGTACAAGAAAGCTGGGTACCCGCGCAGCAGCTTTCGACAAG
GGGC 
 
Kinesin 07Ib Forward Primer: 
GGGGACAAGTTTGTACAAAAAAGCAGGCTTAGGATCCATGGCATCTAGTCCTTC
GAAG 
 
 Reverse Primer: 
GGGGACCACTTTGTACAAGAAAGCTGGGTACTGAGGGGACGAAACCGGACG 
 
 
PCR 
Phusion PCR kit was used for the PCR experiments. This uses Phusion Polymerase (New 
England Biolabs). The annealing temperature for the three Kinesin 4II primers was 72°C 
while that of Kinesin 7I was 65°C. Initial denaturation was done at 98°C for 30 seconds 
after which 30 cycles at 98°C for 10 seconds, respective annealing temperature for 30 
seconds and 72°C for 30 seconds. The final extension was at 72°C for 10 minutes. Two 
template DNAs were used for obtaining the Kinesin 4II products. One was a myosinXI a KI 
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(c terminal), b KO genome line made using a named powerplant pro DNA isolation kit 
(Template DNA 8) and the other was the same line using a shorty DNA prep kit (Template 
DNA 18). 
 
Gel Electrophoresis 
A 1% agarose gel was made using 0.5g in 50mL of TAE buffer. A hyperladder 1 (Violins) 
with a range of 200bp-10,000bp was used since the biggest expected DNA size of the vector 
was around 6000bp and smallest were the PCR products about 300bp in size. SYBR green 
was used as the stain for some gels while 10mg/mL EtBr (Life Technologies) was used for 
others, depending on the sensitivity needed, with EtBr being more sensitive. The 
concentration of SYBR green (Life Technologies) was used as per manufacturer’s 
recommendation into the sample. 
 
P.patens Transformation 
Moss transformation was performed according to Liu and Vidali (2011). Moss was 
harvested and mixed with 9mL 8% mannitol and 3mL 2% driselase enzyme obtaining a 
final concentration of 0.5% of the enzyme. It was left shaking for an hour after which the 
protoplasts were harvested and sieved on top of a 50mL Falcon tube. The protoplasts were 
centrifuged in a culture tube at 700rpm/250g for 5 minutes. 10mL of mannitol was added to 
the protoplasts and resuspended. The last two steps were repeated twice more. The number 
of protoplasts was calculated using ‘counting cell’ technique under the microscope. After 
one more centrifuge, MMg was added to the pellet to make a final concentration of 1.6 x 106 
protoplasts/ml of MMg. It was mixed and left at room temperature for 20 minutes. 30µg of 
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midi-prep RNAi was added to 300 µL of protoplasts and 350 µL of PEG 4000/Ca and 
stirred. The protoplasts are incubated at room temperature for an hour and then diluted with 
1.5mL W% medium. This mix is centrifuged for 5 minutes and the pellet is resuspended in 
1mL of PpNH4/8% Mannitol/10mM CaCl2. It is then transferred to a PRMB plate with 
cellophane. The plate is sealed and put in the growth chamber. After 4 days, the cellophane 
is transferred to a hygromycin containing plate on PpNH4 growth medium for selection and 
put back in the chamber. Phenotype was checked after a week from protoplasting.	   
 
Fluorescence Microscopy Analysis of RNAi Plants  
The transformed plants were analyzed using a Zeiss microscope (Axiovert 200) for visible 
GFP silencing in the nuclei of the cells. The fluorescence filter settings used result in 
chloroplasts appearing red in color, thus giving an outline of the plant shape and size. A 
corresponding image was acquired in the GFP channel to evaluate the extent of gene 
silencing. Pictures were taken and analyzed for chloroplast clustering and other phenotype 
using the software ImageJ.  
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RESULTS 
 
 
 
The goal of this project was to study the phenotypic changes in chloroplast motility 
when specific kinesins were silenced in moss cells. Our hypothesis was that silencing the 
specific kinesins would produce a change in regular chloroplast positioning with respect to 
normal moss cells. Kinesin4IIs were chosen for silencing because its phylogenetic tree 
showed that there were no Arabidopsis thaliana homologues for this subfamily, which 
indicates that it is unique for moss, and thus might have a specific function. This is relevant 
because moss cells can transport chloroplasts using microtubules and actin filaments, while 
Arabidopsis and other vascular plants are restricted to an actin-based mechanism. 
Kinesin7Is were chosen because the phylogenetic tree showed that only two members 
belonged to this subfamily making it easy study the function since only two knockdowns 
would be required. 
 
 
To estimate the degree of conservation between genes, we aligned the first exon of 
each of Kin04IIa, Kin04IIb and Kin04IIc. As seen in Figure 4, the alignment shows a lot of 
similarity in the sequence but not a desired continuous ~20bp long homology between any 
of the two exons that could cause one RNAi construct to silence the other. 
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Figure 4: Alignment of the three chosen exons to be amplified for Kin04IIa, Kin04IIb and 
Kin04IIc RNAi constructs. The alignment shows a lot of similarity in the sequence but not a 
desired ~20bp long homology between any of the two exons that could cause one RNAi 
construct to silence the other. 
 
 
PCR to Obtain Kin04IIa, Kin04IIb, Kin04IIc and Kin07Ib Fragments 
To carry out these studies preparing the RNAi construct was the initial step. After 
designing the primers with attB sites, PCR was carried out to obtain the amplified DNA 
fragment. We started with Kinesin04IIa (Kin04IIa) and Kinesin07Ib (Kin07Ib), for which a 
previous graduate student had already made a construct. After the PCR (See Materials and 
Methods), gel electrophoresis was carried out to verify the size. The expected size of the 
band for Kin04IIa is 334bp and that for Kin07Ib is 403bp. During initial attempts, the bands 
appeared bigger by almost 100bp each. As seen in Figure 5, lanes 1 and 2 contain Kin07Ib 
PCR product. It appears to have a band size of about 500bp. Lanes 3 and 4 contain Kin04IIa 
PCR product and appear to have a band size of about 440bp.  
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Figure 5: Gel Electrophoresis of Kin04IIa and Kin07Ib PCR products. The expected 
band sizes were 334bp and 403bp each. The actual sizes on the gel appear to be slightly 
bigger. 
 
 
These experiments were repeated multiple times to verify these results with different 
Phusion DNA polymerase or new dNTPs but yet the same results were obtained.  
 
  We wanted to make RNAi constructs for Kin04IIb and Kin04IIc also since they 
were the other members of the Kinesin4IIs subfamily. This study would help us observe 
whether we would obtain different phenotypes or if they all could silence the other two with 
the use of just one RNAi. Primers were designed and PCR was carried out followed by gel 
electrophoresis to verify the DNA fragment sizes. Figure 6 shows the gel with the PCR 
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products for both. Kin04IIb also gave a larger than expected band like Kin04IIa and 
Kin07Ib. Surprisingly, Kin04IIc did not give any bands. 
 
Figure 6: Gel Electrophoresis of PCR product of Kin04IIb and Kin04IIc. The expected 
band sizes were 348bp and 334bp respectively. While Kin04IIb gave a band that was bigger 
than the expected band size by about 100bp, Kin04IIc did not yield any PCR product. 
 
 After obtaining bands that were bigger than the expected sizes, we tried to use 
different template DNA for the PCR of Kin04IIa, Kin04IIb and Kin04IIc. These 
experiments were carried out at the Vidali lab in WPI Gateway Park. Figure 7 shows the gel 
run with these products. Yet again, there was no band for Kin04IIc with either template 
DNA. Template DNA 18 (See materials and methods) alone yielded a product for Kin04IIa 
while both templates yielded a product for Kin04IIb. 
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Figure 7: Gel Electrophoresis of PCR products obtained to make Kin04IIa and 
Kin04IIb RNAi 
The expected size of the Kin04IIa fragment is 334bp while that of the Kin04IIb fragment is 
348bp. The products from lanes 2 and 4, indicated by the arrows, were used for the cloning 
since it yielded more product. No product was obtained for Kin04IIc with either template 
DNA. 
 
 
The biggest success of this experiment was that we obtained products of the expected sizes. 
We extracted the products shown with a white arrow in Figure 7 for the cloning process. 
These bands had the right size products and the bands obtained were clean indicating that 
there were no wrong sized DNA fragments formed. The conclusion drawn was that the 
template DNA used initially for some reason was producing a bigger product each time. 
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PCR to Obtain Ligated Kin04IIa and Kin04IIb Product 
After attempting to obtain single RNAi constructs, we wanted to ligate Kin04IIa and 
Kin04IIb together and obtain a double RNAi construct. In this way, we could perform a 
double knockdown with just one plasmid. Kin04IIa and Kin04IIb were digested with 
BamHI and then ligated together. The ligated product was then amplified with PCR using 
different dilutions of itself as the template DNA. We used 1, 1:10 and 1:100 dilutions. The 
forward primer of Kin04IIa and reverse primer of Kin04IIb was used for the PCR.  
 
 
Figure 8: Gel Electrophoresis of PCR products obtained to make Kin04IIa and 
Kin04IIb ligated RNAi 
The expected size of the ligated product is 682bp. With increasing dilution, there appeared 
to be bigger products forming, which was unexpected. The band from lane 2 was used since 
it appeared to be about the right size.  
 
1                1:10             1:100 
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 We expected to get different concentrations of products in the band. Surprisingly, we 
obtained different size bands as seen in Figure 8. The 1:100 dilution gave the most different 
size band as compared to the 1 and 1:10 dilutions that were very similar. This could be due 
to self-ligation of either Kin04IIa or Kin04IIb with itself. 
 
Gateway Cloning BP Reaction for Kin04IIa and Kin07Ib 
 The next step after obtaining the PCR products with the attB sites, was cloning them 
using Gateway Cloning. The first reaction of Gateway Cloning is a BP reaction. In this step 
the PCR product is inserted into an entry clone, here pDONR vector. After this reaction, and 
to identify positive clones, the BP products were double digested with AflII and EcoRV to 
separate the vector from any possible inserts attached to it. This step verifies whether the 
insert entered the vector or not. The gel is shown in Figure 9. The vector and insert sizes 
seem consistent for bands 2-4. Since the vector size should be the same, we use product 
used in lane 2 and lane 4 for the LR reaction for Kin04IIa and Kin07Ib respectively. These 
extracted products are entry clones for Kin04IIa and Kin04IIb.  
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Figure 9: Gel Electrophoresis of double digested BP products of Kin04IIa and Kin07Ib 
to verify the insert 
The double digest of the BP product with AFlII and EcoRV yielded two bands in each well. 
The expected vector size is 2317bp while that of Kin04IIa is 478bp and Kin07IB is 547bp. 
The vector sizes seem to be consistent throughout lanes 2-4. The products from lane 2 and 4 
were chosen for the LR reaction of of Kin04IIa and Kin07Ib respectively. 
 
 
Gateway Cloning LR Reaction for Kin04IIa 
 The LR reaction should transfer the insert from the entry clone to the destination 
vector, generating an expression clone that can be transformed into moss protoplast. The BP 
products react with the pUGGi destination vector in an LR reaction to obtain an expression 
clone with the insert (Figure 10).  
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Figure 10: LR Reaction representative figure. The entry clone reacts with the destination 
vector to produce an expression clone containing the PCR fragment 
 
Unfortunately initially we did not get any colonies for the LR reaction with multiple 
attempts. After using new clonase and new LB plates, the reaction seemed to work with 
respect to generating colonies. When the LR product for Kin04IIa was double digested with 
SacI and KpnI, surprisingly we did not see any inserts (Figure 11). This indicates that our 
reaction failed. After multiple attempts we did not succeed in obtaining an LR product with 
the desired insert.  
	   23	  
 
Figure 11: Gel Electrophoresis of double digested LR products of Kin04IIa to verify 
the insert  
The double digest of the LR product with KpnI and Sac1 yielded only one band. The 
expected vector size is 6629 bp and the insert size is 2338bp. The positive control has an 
insert almost the same size as Kin04IIa. None of the Kin04IIa colonies show a band for the 
insert. This indicates that the LR reaction for Kin04IIa failed. 
 
Kin07Ib RNAi Transformation into Physcomitrella patens 
 We transformed a previously prepared Kin07Ib RNAi into moss cells. The plants 
were analyzed using fluorescence microscopy.  By observing GFP silencing, we screened 
for plants undergoing RNAi. Figure 12 shows the Kin07Ib RNAi mutant plant (Panel E) 
compared with two negative controls (Panels A and B) and two positive controls (Panels C 
and D). Table 1 shows the quantitative results of different phenotypic aspects analyzed 
while Table 2 shows the significance of the difference, obtained by ANOVA analysis. 
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The MyoXI RNAi plant (Panel D, Figure 12) shows a reduced size positive control. 
Table 1 shows that it has an average of 2 clusters as compared to 67 of Kin07Ib. Table 2 
also shows that all the phenotypic aspects analyzed are significantly different when 
compared to Kin07Ib. This indicated that there is no reduced plant size phenotype induced 
by Kin07Ib RNAi. The Kin14V RNAi (Panel C) is a chloroplast clustering positive control 
that gave a chloroplast clustering phenotype. The average number of clusters is 23 as 
compared to 67 of Kin07Ib RNAi. This is significantly different as observed in Table 2. 
This result suggests that Kin07Ib RNAI might not have a chloroplast clustering phenotype. 
Table 1: Quantitative results of various phenotypic aspects of the Kinesin7Ib RNAi 
mutants and the different controls 
 
CONTROL TYPE 
Average 
Number of 
Clusters 
Average Area Per 
Cluster 
Average Area of 
Plant 
Solidity of 
Plant 
Non-clustering 
Control (pUGi) 41.7 ± 16 2170.1 ± 931.2 79678.1 ± 18846 0.43 ± 0.09 
Non-clustering 
control (RHD3) 34.1 ± 26 3759.3 ± 3707.8 79639.4 ± 34591.9 0.36 ± 0.08 
Clustering Control 
(Kin14V) 23.5 ± 8.6 3210.5 ± 1855.3 67160.1 ± 32712 0.43 ± 0.09 
Size Control 
(MyoXI) 2.2 ± 1.7 22151.5 ± 12055.2 37612.4 ± 20511 0.75 ± 0.1 
Kinesin7I RNAi 67.1 ± 33 1516.1 ± 596.9 93105.9 ± 35028.4 0.31.06 
 
 
Table 2: Significance of the difference (p values) between all the control types with the 
Kin07Ib RNAi for the different phenotypic aspects obtained by ANOVA analysis. 
 
CONTROL 
TYPE 
Average 
Number of 
Clusters 
Average Area 
Per Cluster 
Average Area 
of Plant 
Solidity of 
Plant 
pUGi RNAi 0.01525 0.99851 0.70288 0.00118 
RHD3 RNAi 1.80E-08 0.51966 0.24675 0.10467 
Kin14V RNAi 1.69E-07 0.92591 0.05638 1.88E-04 
MyoXI RNAi 0 0 2.83E-09 0 
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A. 
E. 
D. 
C. 
B. 
Kinesin7I RNAi 
Non-clustering Control (RHD3 RNAi) 
Non-clustering Control (pUGi RNAi) 
Size Control (MyoXI RNAi) 
Clustering Control (Kin14V RNAi) 
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 Figure 12: Kinesin7Ib RNAi mutant plants show chloroplast dispersion phenotype 
when compared to different controls 
The black structures are indicative of single or multiple chloroplasts clustered together. 
Previous studies have shown Kinesin14V (Panel C) RNAi mutants exhibiting a positive 
chloroplast clustering phenotype where barely any single chloroplasts exist by itself. Myosin 
XI is a plant reduced size positive control. The main chloroplast clustering negative control 
in these experiments is the GUS pUGi destination vector (Panel A) without the RNAi insert. 
RHD3 (Panel B) is another non-clustering control used as a negative control. By comparing 
the Kinesin7I (Panel E) phenotypes to the various controls, it appears that the Kinesin7I 
RNAi mutants might have a chloroplast dispersion type phenotype. Scale is 100µ. 
 
 
The control pUGi-RNAi (Panel A, Figure 12) is just the vector with no insert and 
hence is used as a negative clustering control where only GFP-GUS is silenced. The average 
number of clusters recorded was 41. This is significantly different from the Kin07Ib RNAi 
indicating that it induces a chloroplast phenotype, which is different from the control. The 
Kin07Ib RNAi had significantly more clusters and a bigger average plant area as compared 
to the other non-clustering control, RHD3. This again shows that the Kin07Ib RNAi induced 
a chloroplast phenotype in plants since it is different from the negative control. The Kin07Ib 
RNAi has more clusters and plant area as compared to the positive and negative controls 
suggesting that the chloroplasts might be dispersing instead of clustering. These initial 
results suggest that a Kin07Ib RNAi knockdown could result in a chloroplast dispersing 
phenotype. 
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DISCUSSION 
 
 The purpose of this project was to investigate whether kinesins are involved in 
chloroplast motility. Kinesin4II and Kinesin7I were chosen based on previous phylogenetic 
analysis (Shen et al., 2012) research showed that they did not function in spindle formation 
during mitosis (Miki et al., 2014) and thus might function in organelle transport, possibly 
chloroplasts. Our approach towards this investigation was conducting loss of function 
analysis with the help of RNAi knockdowns. Our hypothesis was that RNAi-based 
knockdown of Kinesin 4Is and Kinesin 7Ibs will cause a change in the phenotype of the 
P.patens plant cells with respect to chloroplast positioning indicating a role in chloroplast 
motility. 
 We initially focused on obtaining RNAi constructs for the Kinesin4IIs subfamily, 
which included three members namely Kin04IIa, Kin04IIb and Kin04IIc. The three exons 
we planned to amplify did not have the desired consecutive stretches of 20bp homology 
(Figure 4). This meant we could not cause a triple knockdown with just one of the three 
constructs. So we amplified the three exons. We repeatedly failed to obtain a Kin04IIc 
product as seen in Figures 5 and 6. We tried using different temperatures, different template 
DNA, new DNA polymerase and new dNTPs but we could not obtain a product. The 
conclusion was that we would need to design new primers to obtain a Kin04IIc PCR product 
due to high GC content of the primers. We successfully obtained PCR products for Kin04IIa 
and Kin04IIb.  RNAi constructs were also prepared for only Kin07Ib of the Kinesin7Is 
family. In this case we predicted that a single construct should be able to silence the other 
Kin07 isoform. We obtained the PCR product for Kin07Ib without any difficulties. 
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A ligated Kin04IIa and Kin04IIb product was attempted with the intention to obtain 
a double knockdown with just one plasmid. This construct will also be useful to obtain a 
triple knockdown when the Kin04IIc PCR product is amplified. Figure 8 shows an 
interesting result where different dilutions of the ligated product yielded different sizes of 
PCR product when amplified. Ideally, there should have been just different concentrations 
of product in the bands but this was not what we obtained. Our conclusion is that it is likely 
that there was self-ligation of Kin04IIa and Kin04IIb and because the PCR primers are so 
similar (Figure 13), affinity effects resulted in differential amplification. In most occasions, 
the unwanted intermediates are removed during the cloning process since the PCR product 
needs to have an attB1 and an attB2 site. If the product obtained is a self-ligated product, it 
will have only attB1 sites or attB sites. For a PCR product to clone into an entry vector, it 
needs to have both attB sites so that it can recombine to each of the corresponding attP sites 
in the entry vector. This specification eliminates the unwanted ligated products. Further 
sequence analysis needs to be done to understand what caused the size difference for the 
three bands. Since the 1:10 dilution gave the right expected ligated product size, it was 
extracted for cloning and will be sequenced in the future. 
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Figure 13: Alignment of the Kinesin4IIs primers. The forward are reverse primers are 
aligned to show the attB sites, restriction sites and the homology region. The forward primer 
for Kin04IIa and Kin04IIb are identical other than the restriction site. The reverse primers 
for Kin04IIa and Kin04IIb are also almost similar. 
 
After obtaining the PCR products with the attB sites, they were cloned into vectors. 
The first reaction of the cloning process was the BP reaction. We expected to obtain our 
PCR fragment inserted into the pDONR vector. The double digested BP product after gel 
electrophoresis (Figure 9) shows that an insert was obtained for both Kin04IIa and Kin07Ib. 
The size of the vector and insert in lane 1 were smaller by a about 1500bp and 50bp 
respectively so the Kin04II product from lane 2 and Kin07Ib product from lane 4 were 
extracted for the next step, which is the LR reaction.  
The second reaction, LR reaction, should produce the final expression clone. The LR 
reaction with Kin04IIa did not show any inserts when double digested with SacI and KpnI 
(Figure 11). It indicated a failed LR reaction since our control BP reaction showed an insert. 
This experiment was repeated multiple times. Initially we did not even obtain colonies for 
the LR products transformed in bacteria. After using new LR Clonase and new LB plates we 
obtained growth but no insert in the vector. There need to be further thorough analysis as to 
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why a product was not obtained. Although the identity of the BP clone was confirmed by 
sequencing, this analysis was done early during this project; additional sequence 
confirmation may be necessary to ensure the correct BP construct was used. It might thus be 
helpful in trying to repeat the BP reaction and then try the LR reaction with the fresh 
product.  
At the same time, a previously generated Kin07Ib-RNAi construct was transformed 
into moss. The plants were screened for chloroplast motility defects after a week using 
fluorescence microscopy. The property of auto-fluorescence by chloroplasts and GFP 
silencing together help us observe the plant shape and level of silencing, respectively. The 
Kin07Ib-RNAi plants were compared with two positive controls and two negative controls. 
The significance of the difference between the characteristics was analyzed by ANOVA 
analysis shown in Table 2. Since the average plant area of Kin07Ib is not significantly 
different from the control plants, and significantly bigger than that of MyoXI-RNAi (Panel 
D, Figure 12), which is a reduced plant size positive control, we conclude that Kin07Ib does 
not induce a reduced plant size phenotype in moss cells. We had initially expected to 
observe a chloroplast clustering phenotype because a previous Kin14V-RNAi (Panel C, 
Figure 12) gave a chloroplast clustering phenotype. But contrary to this, when the Kin07I-
RNAi results were compared with the Kin14V-RNAi results (Table 1 and 2), we found that 
the average number of clusters increased in the Kin07I-RNAi plants, but the cluster area 
was significantly reduced. This is because the majority of clusters in the Kin07I-RNAi 
plants consist of very few chloroplasts (Figure 12), resulting in a reduced cluster area. These 
results suggest that Kin07I-RNAi does not produce a positive chloroplast clustering 
phenotype in moss cells. 
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The RHD3 RNAi (Panel B, Figure 12), a non-clustering chloroplast control, shows 
an average of 34 clusters as compared to 67 of Kin07Ib-RNAi, which are also significantly 
smaller in the Kin07Ib-RNAi. This result suggests that the chloroplasts are more dispersed 
in the Kin07Ib plant as compared to the RHD3 RNAi plant. Panel A in Figure 12 shows a 
pUGi RNAi control, which is just the destination vector without the specific gene targeting 
insert. If Kin07Ib-RNAi had not knocked down the target gene, it should have had the same 
average number of clusters and cluster area as the pUGi RNAi but contrary to this 
expectation, we see approximately 25 more clusters per plant in the Kin07Ib-RNAi mutants. 
This result strongly suggests that Kin07Ib induces a chloroplast phenotype different than the 
negative control and possible a dispersing phenotype since the number of clusters and their 
area is different than the pUGi RNAi. It is important to emphasize that from all the results of 
Figure 12, Table 1 and Table 2, it can be concluded that Kin07Ib-RNAi plants might not 
have a reduced plant size, do not show a chloroplast clustering phenotype and may have an 
increased chloroplast dispersion phenotype. 
Because our preliminary results suggest that Kin07Ib might have a chloroplast 
dispersion phenotype, further analysis needs to be done to observe how the plant reacts to 
low and high blue light intensity to perform an accumulation or avoidance response 
respectively. It is also possible that the Kin07Ib-RNAi construct did not silence Kin07Ia and 
that Kin07Ia substituted for the loss of function of Kin07Ib not causing a stronger 
phenotype. Quantification of the level of Kin07Ia and Kin07Ib silencing should help address 
this issue. Other future experiments include continuing the cloning for Kin04IIs and 
transforming the RNAi constructs into moss with the expectation to observe a change in 
chloroplast positioning phenotype. 
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These studies are important in understanding how molecular motors work. 
Molecular motors such as (dynein, kinesin and myosin) are crucial for many cell processes. 
Since they function in many key physiological processes by converting ATP into 
mechanical energy, such as muscle contraction and intracellular transport, studying how 
they work will have potential therapeutic applications such as in muscle dystrophy, 
development of the body axis, brain wiring, protecting against cancer and neuropathy 
(Hirokawa et al., 2009). Initial research on plant cells may help determine the function of 
these important molecules before conducting more expensive research on animal cells.  
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